P
remature development of microvascular and macrovascular disease is the most frequent complication of diabetes. It is responsible for diabetic retinopathy, nephropathy, and neuropathy (1) . Moreover, diabetes leads to reduced collateralization in ischemic tissues, which causes impaired wound healing, exacerbation of peripheral limb ischemia, and a three-to fourfold increase in cardiac mortality in comparison with nondiabetic patients (2, 3) .
The pathophysiological mechanisms responsible for impaired angiogenic activity in diabetes remain unknown. Although angiogenesis impairment has been attributed to alterations in the gene regulatory network, which can be involved in the physiological revascularization process, the role of angiogenin in this process has not been clarified (2, 4) .
The aim of this study therefore was to compare angiogenin serum levels in healthy and type 2 diabetic age-matched individuals. The cutaneous angiogenesis in vivo (serum-induced angiogenesis [SIA]) test in mice was performed in parallel to determine the functional differences between the groups examined.
RESEARCH DESIGN AND
METHODS -A total of 43 patients with type 2 diabetes and 43 age-matched healthy control subjects volunteered for the study. Patients suffering from acute and chronic infections and neoplastic diseases were excluded. Diabetes was defined according to American Diabetes Association criteria (5). All patients had blood glucose levels Ͼ7 mmol/l. Serum angiogenin levels were measured in duplicate with the ELISA Quantikine kit (R&D System, Minneapolis, MN). The SIA test was performed on Balb/c mice according to the method of Sidky and Auerbach (6) with own modifications (7-9).
The results were analyzed using Statistica software, Version 7 (StatSoft Polska). The level of significance was set at P Ͻ 0.05, and two-sided tests were performed as the standard.
RESULTS -The diabetic patients were characterized by significantly higher levels of triglycerides and serum creatinine and lower levels of LDL cholesterol, while BMI and total as well as HDL cholesterol concentrations were not significantly different from those of healthy individuals (Table 1) .
Serum angiogenin levels were significantly lower in type 2 diabetic patients in relation to control subjects (P ϭ 0.000002). At the same time, sera from diabetic patients induced significantly fewer newly formed blood vessels on the inner surface of skin from Balb/c mice (P ϭ 0.03).
Serum angiogenin levels as well as SIA values were significantly lower in the patients with late complications (retinopathy and nephropathy) in relation to those without complicated disease (P ϭ 0.04 for angiogenin and P ϭ 0.02 for SIA).
There were no differences, however, in angiogenin and SIA values between the patients receiving statins (P ϭ 0.93 for angiogenin and P ϭ 0.74 for SIA) or ACE inhibitors (P ϭ 0.70 for angiogenin and P ϭ 0.51 for SIA) and those not treated with either. The multivariate linear stepwise regression analysis confirmed the previous results revealing that none of the parameters examined, including medicines, exerted an effect on angiogenin or SIA values (P ϭ 0.70). The angiogenin and SIA values were not correlated with the A1C concentrations (P ϭ 0.4).
CONCLUSIONS -Angiogenin, a 14-kDa protein, is implicated in immunological and inflammatory angiogenesis (10). The level of angiogenin in human plasma is strictly regulated (11); the protein is a normal constituent of blood, and its level usually remains unchanged. However, in some pathological conditions such as peripheral vascular disease, inflammatory bowel disease, rheumatoid arthritis, obesity, proliferative diabetic retinopathy, and proliferative vitreopathy, it can intensify the induction of new blood vessel formation (10).
We discovered that the serum angiogenin level is markedly decreased in type 2 diabetic patients in comparison with age-matched healthy subjects. The lower angiogenic potential of sera from type 2 diabetic patients was confirmed by the in vivo SIA test. The more severe disease, i.e., complicated with retinopathy or nephropathy, was associated with lower values of both angiogenin and SIA. On the other hand, the differences in values of both indicators of angiogenesis were not related, in our analysis, to any of the other clinical parameters examined in the diabetic patients. Since the number of diabetic patients was limited in our study and almost all patients had poorly con-trolled A1C levels, we can assume that they constituted a very homogenous group. The angiogenin and SIA values were in a rather narrow range. Therefore, they most likely reached a point when any treatment ceased to play a role. The most important finding was that neither statins nor angiotensin inhibitors influenced the values of both angiogenesis indicators.
Our data are compatible with the known phenomenon of limited collateral vessel development in coronary heart disease, which is associated with a pronounced myocardial ischemia in diabetic patients (2) . In experimental in vitro and in vivo models of retinal angiogenesis assays, Stitt et al. (1) discovered that sera of type 2 diabetic patients have strong antiangiogenic effects. The poorer the glycemic control of patients, the more evident the inhibition of angiogenesis. The authors documented that advanced glycation end products and their receptors may be mediators in retinal angiogenesis inhibition. Adding to that, Chou et al. Data are arithmetic means Ϯ SD or percentage of patients, unless otherwise indicated. *Mean Ϯ SD newly formed blood vessels on inner skin surface of Balb/c mice.
